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Abstract


With environmental concerns gaining prominence, the study of energy-saving behavior (ESB) has captured global expert attention. This research applied the SCT model and utilized survey data collected in Jiangsu Province to explore the factors influencing residents’ energy-saving behavior (ESB). The findings reveal that self-efficacy, attitudes, and social norms are direct positive determinants of ESB. Additionally, these factors mediate the positive relationship between knowledge and ESB. Notably, knowledge enhances self-efficacy, attitudes toward energy saving, and adherence to social norms, while outcome expectations improve attitudes and norms. Place attachment also emerges as a significant predictor of ESB, exerting its influence indirectly through attitudes and social norms. These insights enrich social cognitive theory by incorporating place attachment to examine ESB, substantially contribute to the discourse on environmental protection, and have implications for energy conservation strategies globally.
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1. Introduction


Economic expansion and industrial progress often lead to environmental degradation, primarily due to energy inefficiency [1]. As a result, improving energy efficiency has become a recognized strategy for lowering electricity use, placing consumer energy-saving behaviors at the forefront of many national policies [2,3]. In China, the role of residential electricity consumption is becoming more pronounced, accounting for 10.92% of the nation’s total in 2013, as noted by Ding et al. [3], and second only to the industrial sector. The increasing relevance of energy-efficient habits in homes, particularly regarding electricity usage in residential buildings, is critical to promoting sustainable energy, adopting efficient technologies, and developing energy resources [4,5]. Therefore, research into these conservation behaviors is intensifying, becoming a key focus in energy conservation efforts.



Hence, to meet the Paris Agreement’s target that worldwide energy-related CO2 emissions must be decreased by 70% by 2050 [6], China has enacted a comprehensive national policy to combat the challenges of carbon emissions and actively encourages the development of low-carbon energy sources [7]. However, its quickly increasing economy and expanding urban population have increased the amount of urban residential structures and power usage [8,9]. The rate of urbanization in China has risen from 36.22% in 2000 to 63.89% in 2020, with the urban population increasing from 458 million to 902 million [10]. Rapid urbanization has driven a rise in energy consumption, particularly that of electricity. According to the NBSC [11], household energy consumption accounted for approximately 10% of the total energy use in China in 2010 and 2011. Similarly, Yue et al. [12] reported that household energy consumption accounted for approximately 7% of the total energy use in Jiangsu Province in 2011. Despite the relatively smaller percentages compared to industrialized countries [12], the scarcity of energy resources in China emphasizes the relevance of domestic energy consumption, especially in Jiangsu Province, where a high-carbon energy use structure prevails. According to Yue et al. [12], the proportion of energy use in urban areas across China is about 60% of the total consumption. However, this proportion was significantly higher in Jiangsu Province (approximately 82%). To a certain extent, urban consumption reflects end-user energy consumption within contemporary Chinese culture. As a result, research on urban residents’ energy-saving habits is critical in supporting Jiangsu Province’s low-carbon growth and achieving a rapid peak in carbon emissions.



The promotion of energy conservation in households has received considerable attention. Previous research has shown that household electricity consumption is influenced by several factors operating simultaneously. The factors considered in this research consisted of the internal psychological aspects of individuals within families, such as perceived behavioral control, subjective norms, and attitudes. These concepts are derived from the theory of planned behavior, as discussed in [13]. In addition, the attribution of responsibility and perceptions of potential outcomes are essential factors, as elucidated by the norm activation theory described by Song et al. [14]. Moreover, external contextual determinants include elements such as the prevailisng social environment, subsidy programs, and infrastructure [15,16,17]. Factors contributing to statistical characteristics include demographic structure and household income [18]. Several researchers have promoted household energy conservation in Jiangsu Province [3,12,19]. However, no study has extended social cognitive theory (SCT) with place attachment to investigate residents’ energy conservation behavior in Jiangsu Province. Therefore, there is a need to extend the social cognitive theory with place attachment to analyze residents’ energy-saving behavior (ESB).



This study provides several significant contributions to understanding residents’ ESB. It provides a complete assessment of residents’ energy-saving behavior, highlighting critical elements that are important for formulating effective policies. Second, this is the first study to explore the impact of these critical components on energy-saving behavior by employing the social cognitive theory paradigm. This unique technique contributes to a better understanding of the influence of these factors on ESB. Moreover, this research examines the impact of outcome anticipation and place attachment on residents’ energy-saving behavior. It offers insights into other variables influencing their behavior in this environment.



Furthermore, by examining mediating effects, this study sheds light on the intricate interactions between many factors. The outcomes of this study will help policymakers comprehend the currently undiscovered facets of residents’ ESB. This research will assist in shaping future initiatives to encourage energy-saving behavior and sustainable energy practices. Furthermore, this research indirectly leads to a better perception of energy-saving behaviors in other regions and countries.



This research developed a theoretical model based on SCT to explore the factors influencing residents’ ESB. The theoretical paradigm includes social norms, self-efficacy, outcome expectations, location attachment, energy-saving knowledge, attitude, and ESB. As significant amount of research in recent years has proven the usefulness of employing SCT to investigate personal environmental behaviors. For example, Liguori et al. [20] added to the existing body of knowledge on self-efficacy by bringing SCT to the field of business. This study claims that SCT provides a robust explanatory framework for studying the actions of individual entrepreneurs. Using social cognition theory, the authors of [21] investigated the links between institutional support, technical literacy, self-efficacy, and intention. Consequently, SCT offers a fundamental framework for studying energy-saving behavior (ESB). Therefore, this study addressed the following research questions: (i) What psychological factors influence citizens’ energy-saving behavior in Jiangsu Province? (ii) What is the impact of social cognitive theory constructs on citizens’ energy-saving behavior? (iii) Are social norms, attitudes, and self-efficacy mediating factors between energy-saving knowledge and citizens’ energy-saving behavior? (iv) What is the mediating effect of social norms on outcome expectations, place attachment, and citizens’ energy-saving behavior? (v) How do outcome expectations and place attachment impact citizens’ energy-saving behavior?



In response to the aforementioned research questions, the following objectives were formulated: (i) To assess the psychological factors influencing citizens’ energy-saving behavior in Jiangsu Province. (ii) To identify the impact of social cognitive theory constructs on citizens’ ESB. (iii) To explore the mediating effects of social norms, attitudes, and self-efficacy between energy-saving knowledge and citizens’ ESB. (iv) To determine the mediating effect of social norms on outcome expectations, place attachment, and citizens’ ESB. (v) To analyze the impact of outcome expectations and place attachment on citizens’ energy-saving behavior.




2. Literature Review


2.1. Social Cognitive Theory (SCT)


Social learning theory was first proposed by Bandura [22] and further developed into SCT by the authors of [23,24,25]. One of the critical principles of SCT is that people learn through mutual and dynamic interactions between themselves, their actions, and the environment [17,21,26]. In addition, it considers a person’s past experiences that contribute to behavioral measures. This theory elucidates the mechanisms through which individuals engage in self-regulation, employing control and reinforcement strategies to attain a desired behavior in the pursuit of a long-term objective [23,27]. Ten [28], Zou et al. [29], and the authors of [30] identified SCT as one of the most significant frameworks for comprehending and explaining risky behaviors. SCT provides a valuable theoretical framework for describing how people acquire and sustain behavioral patterns, especially addictive behaviors [31]. Bandura [23] proposed that socio-cognitive variables such as social support, motivation, outcome expectations, and self-efficacy function as predictors of behavior in SCT. Ramirez et al. [32] employed SCT to study the links between several social cognitive theory categories and children’s physical activity habits. SCT was employed as a theoretical framework by Eslami et al. [33] to predict drug abstinence in a sample of Iranian substance users. Therefore, none of these studies extended social cognitive theory (social norms, self-efficacy, outcome expectations, energy-saving knowledge, and attitude) with place attachment to assess ESB in Jiangsu Province. Figure 1 displays the framework of this study.



2.1.1. Knowledge


Knowledge is vital for investigating intentions and behaviors in a pro-environmental setting [34]. Bagheri et al. [35] defined knowledge as a personal accomplishment that can be shared verbally or in writing. Previous studies have emphasized the relevance of knowledge in influencing attitudes and intentions [36,37]. According to de Koning et al. [38] and Adu-Gyamfi et al. [39], customers’ insufficient knowledge impeded the adoption of energy-efficient appliances. Zografakis et al. [40] stated that a populace properly informed about a product is more inclined to save or purchase energy. Several studies indicate that knowledge substantially impacts attitudes, subjective norms, and intentions. Komendantova et al. [41] found that knowledge influences attitudes and subjective norms. Tama et al. [42] indicated a positive relationship between knowledge and intention to implement sustainable agriculture. Nketiah et al. [43] found that knowledge impacts subjective norms, attitudes, and willingness to pay. Adu-Gyamfi et al. [44] found that knowledge positively influenced attitudes and intentions. Obuobi et al. [45] found that knowledge impacts intention. Accordingly, it is postulated that persons who possess a comprehensive understanding of the notion, price, benefits, and risks are more inclined to develop beneficial energy-saving behaviors. From the above, the following are hypothesized:



H1: 

Knowledge is positively related to social norms.





H2: 

Knowledge is positively related to energy-saving attitudes.





H3: 

Knowledge is positively related to self-efficacy.






2.1.2. Self-Efficacy


Self-efficacy is a person’s confidence in their capacity to perform any action effectively and implement specific habits into their daily routine [46]. Self-confidence can be defined as an individual’s belief in their ability to successfully perform the necessary actions that will lead to desired outcomes [47]. According to Sahni et al. [48], individuals with high self-efficacy tend to exhibit high levels of desire, effort, and perseverance when confronted with various challenges. Conversely, individuals with low self-efficacy tend to experience lower levels of drive and endeavor. The concept under consideration correlates with self-esteem, although it is of a different nature [49]. Additionally, individuals with high self-efficacy exhibit psychological certainty when faced with ambiguous and challenging situations and tend to view these situations as promising [50]. Furthermore, previous research has shown that self-efficacy plays a crucial role in predicting favorable outcomes such as innovation, creativity, and improved performance [51,52,53]. Gülsün et al. [54] discovered that self-efficacy substantially predicts behavior. Zhong et al. [55] found that self-efficacy indirectly influences behavior. Khoa et al. [49] discovered that self-efficacy substantially impacts behavioral control. Jiang et al. [56] found that self-efficacy directly affects behavior. Considering this evidence, residents’ self-efficacy in energy-saving behavior appears to be an essential prerequisite for energy-saving. Therefore, self-efficacy is crucial as individuals may possess high levels of self-efficacy in certain areas. Based on these considerations, the hypothesis proposed in this study is as follows:



H4: 

Self-efficacy is positively related to ESB.






2.1.3. Energy Saving Attitude (ESA)


Attitude refers to an individual’s favorable or adverse judgment of a given object (person, concept, emotion, event, etc.) [57]. The more positive an entity’s attitude about behavior, the higher the likelihood of their participation. According to a survey conducted in the United States, the energy-saving attitude of low-income individuals positively influences their intentions for space cooling and heating [58]. Attitudes were a critical factor in families’ propensity to pay and adopt energy efficiency practices in a survey of homes in southern Italy [59]. Attitudes that directly influence the intention to engage in pro-environmental activities have been proven in studies of pro-environmental behaviors [60]. Belaïd [61] found that energy-saving attitudes influenced family energy-saving activities. Wang et al. [62] claim that only altruistic values influence inhabitants’ attitudes toward household energy saving. However, other studies have discovered a negligible relationship between values and attitudes. The existing literature, including studies by Wang et al. [63] and Chen and Gou [6], found that attitudes are critical in predicting individuals’ intentions to participate in environmentally friendly actions. Nketiah et al. [64] discovered that the attitudes of Ghanaian residents play a significant role in determining their willingness to participate in emerging waste-to-energy initiatives. So, based on existing research, it can be inferred that individuals with positive attitudes are more inclined to cultivate their intention to participate in ESB. This study proposes the following hypothesis based on the above discussion:



H5: 

Attitudes are positively related to ESB.






2.1.4. Social Norms


A social norm is an expectation of proper behavior in a group setting. According to Sherif and Sherif [65], social norms are established in group contexts and serve as standards for an individual’s awareness and decisions when they are not in the group scenario. Individuals develop their primary social attitudes about group norms. Social or group norms are defined as “regularities in attitudes and behavior that characterize and distinguish a social group from other social groups” [66,67]. Subjective norms have the most considerable influence on the diplomatic usage behavior of urban residents’ energy usage [68]. Subjective norms have been revealed to be critical predictors of household decarbonizing cooling behavior [69]. According to research, social norms encourage a person to participate in pro-environmental actions via the actions or expectations of others [15]. However, despite the wide range of individual studies on social norms, there is a scarcity of studies that have examined their collective impact within a pro-environmental framework [70,71]. Thus, this research presents the subsequent hypothesis:



H6: 

Social norms positively influence energy-saving behaviors.






2.1.5. Outcome Expectations


Outcome expectations refer to individuals’ views on the potential significance of their activities [72]. These beliefs encompass the anticipated outcomes expected to arise from engaging in a particular behavior [73]. Outcome expectations are formed as a result of educational experience and can be affected by an individual’s self-efficacy beliefs, especially when outcomes depend on the person’s level of competence. The underlying assumption of SCT is that individuals are more likely to develop intentions and engage in behaviors when they have positive outcome expectations. Conversely, individuals are less likely to create intentions and engage in behaviors when their outcome expectations are negative. This assumption is consistent with Kahneman’s [74] rational expectations principle. According to this theory, individuals develop an interest in a particular activity when they perceive themselves as competent and anticipate positive outcomes from engaging in it [23,75]. In contrast, individuals are less likely to form intentions toward a specific behavior if they perceive themselves as lacking competence in that area or do not anticipate receiving outcomes that they deem valuable [73,76]. Bocanegra et al. [77] discovered that outcome expectations mediated the association between exposure and intention to choose school psychology. Lent and Brown [76] and Yeagley et al. [78] found that outcome expectations influence interest. The authors of [79] found that outcome expectation affects attitude and subjective norms. Based on this evidence, residents’ outcome expectations regarding ESB are a vital prerequisite for energy-saving. The following hypotheses are advanced in this study:



H7: 

Outcome expectations positively impact social norms.





H8: 

Outcome expectations positively impact ESB.





H9: 

Outcome expectations positively impact ESA.







2.2. Place Attachment


The concept of place attachment refers to individuals’ emotional connections with specific places [80,81]. Extensive research has shown that place attachment serves as a reliable indicator of an individual’s propensity to engage in pro-environmental behaviors [82,83]. A place can increase people’s sense of responsibility for their surroundings, impacting their behaviors [84]. For example, Campbell et al. [85] discovered that residents with a stronger commitment to their local parks had stronger anti-littering personal standards than non-residents. Similarly, Arafat et al. [86] found that city inhabitants felt more related to a place and therefore littered less and had stronger anti-littering standards than less-connected tourists. According to Hernández Bernardo et al. [87], higher place connections increase motivation to decrease anti-environmental behavior. Place attachment sentiment frequently improves the link between pro-environmental, personal, and social standards [88]. According to previous research by Farrow et al. [15], individuals are motivated to engage in pro-environmental behaviors through social norms. Schulte et al. [89] revealed in their meta-analysis that the social identification effect was significant in pro-environmental behavior. Previous research has demonstrated that place attachment to nature encourages pro-environmental actions such as increased participation in environmental groups [90]. Scannell and Gifford [91] and Lo and Jim [92] showed that attachment to the natural environment significantly predicts pro-environmental behavior. Irani et al. [93] found that place attachment indirectly influences pro-environmental behavior. The authors of [80] found that place attachment enhances pro-environmental behavior. However, exploring the fundamental mechanism through which place attachment impacts pro-environmental actions is still essential. Therefore, the following hypotheses are advanced in this study:



H10: 

Place attachment positively impacts ESA.





H11: 

Place attachment positively affects social norms.





H12: 

Place attachment positively impacts ESB.






2.3. Attitude, Social Norm, and Self-Efficacy as a Mediator


Attitude is a person’s assessment or sentiment toward something, such as an object, individual, or situation. It can shape behavior and decision making. In contrast, self-efficacy is an individual’s belief in their capacity to accomplish a specific task or behavior. Social norms are unspoken rules and standards that dictate conduct in a social setting. Each of these factors can influence behavior independently. However, they can also interact with each other and collectively influence behavior. A positive attitude toward energy-saving behavior and a strong sense of self-efficacy may lead individuals to engage in energy-saving actions. Similarly, social norms can promote energy-saving behavior. Several variables’ mediating effects are influenced by attitudes, self-efficacy, and social norms. Shi et al. [94] found that e-shopping attitudes indirectly and positively mediate greater accessibility to bus stations and higher online shopping frequency. Pandey and Yadav [95] also found that indirect and positive attitudes mediated the relationship between environmental concern and green purchase intention. Liu et al. [96] found that attitude mediates the path between the effects of knowledge and non-financial brand performance. Pechey et al. [97] found that social norms mediated the impact of availability on food selection. Several studies have found that knowledge influences intention through attitudes and social norms [39,43,44]. Soopramanien et al. [83] found that social norms mediate the relationship between place attachment and perceived environmental responsibility. The study also found that perceived environmental responsibility mediates place attachment and pro-environmental behavior. Nketiah et al. [98] found that attitude and personal norms mediate the relationship between place attachment and recycling intention. Several studies have applied self-efficacy as a mediator [52,54,55,99,100]. Thus, recognizing the intervening roles of attitude, self-efficacy, and social norms offers valuable perspectives on the mechanisms that drive behavioral change. Identifying and targeting these mediators enables the development of interventions and programs that can effectively foster desired behaviors, such as sustainable actions, in individuals and communities.



H13: 

Self-efficacy positively mediates the relationship between knowledge and energy-saving behavior.





H14: 

Attitude positively mediates the relationship between knowledge and energy-saving behavior.





H15: 

Social norms positively mediate the relationship between knowledge and energy-saving behavior.





H16: 

Attitude positively mediates the relationship between place attachment and energy-saving behavior.





H17: 

Social norms positively mediate the relationship between place attachment and energy-saving behavior.





H18: 

Attitude positively mediates the relationship between outcome expectation and energy-saving behavior.





H19: 

Social norms positively mediate the relationship between outcome expectation and energy-saving behavior.







3. Methodology


3.1. Sample Collection


In order to substantiate the proposed assumptions, this research study utilized survey data collected in Jiangsu Province. The constructs were latent and required several measurement items, which led to the creation of a questionnaire [101]. The survey instrument was divided into demographic information, energy-saving behaviors, and decision variables. Individuals who were 18 years of age or older and had a permanent residence in Jiangsu Province were actively recruited. This study used a random sampling method to collect online data from Jiangsu Province empirically. The study utilized Sojump (http://www.sojump.com (accessed on 12 November 2023)), a reputable and experienced online survey platform, to administer the questionnaire survey. This survey approach was implemented with the intention of accelerating the data collection process. Jiangsu residents were recipients of solicitation texts containing URLs and QR codes. Recipients of these messages were asked to share them with others to facilitate their participation in the research. Informed consent was collected from each adult volunteer who participated in this study. To ensure the privacy of participants, the researcher took steps to withhold any personally identifiable information, including names and background information. In June 2023, a research enterprise randomly distributed a questionnaire among eligible participants from an Internet research panel. A total of 700 invitations were disseminated to the participants, out of which 505 individuals initiated the survey. In total, 501 valid samples were collected and utilized for the assessment. G*Power 3.1 software was utilized for statistical methods. This analysis included the effect size (f2), significance level (α), and the number of paths leading to the dependent variable (np) to calculate the required sample size [102]. Based on these findings, a minimum sample size of 180 (np = 5, α = 0.05, f2 = 0.5) was deemed necessary. Consequently, the 501 samples are sufficient for statistical purposes. In terms of demographics, more than half of the respondents were female (51.7%). The majority of the respondents were between the ages of 26 and 35 (32.5%). Most respondents were employees (66.1%). This shows that the respondents are actively working. Regarding level of education, the majority of pparticipants had a bachelor’s degree or above, accounting for 79.7%. Most of the respondents’ monthly income levels were between CNY 5000 and 10,000. Of the respondents, 40.5% had a household size of three people. Most of the respondents (77%) lived in cities. The majority of the respondents paid electricity bills between CNY 101 and 400, and 5.2% of the respondents did not know or were not applicable (see Table 1).




3.2. Measures


This research provides a comprehensive assessment of the energy-saving behavior of residents, highlighting the key factors crucial for developing effective policies. In order to examine the research questions posed in the course of the study, user responses to the evaluations and surveys were analyzed. The measures discussed included vital elements of energy-saving knowledge, social norms, energy-saving attitudes, self-efficacy, outcome expectations, place attachment, and energy-saving behaviors. Upon completion of the survey, respondents were asked to offer demographic information. With the exception of demographic inquiries, all questions were evaluated using a five-point Likert scale that ranged from one (strongly disagree) to five (strongly agree).



This study applied the SCT model to analyze the impact of these critical components on residents’ energy-saving behavior. Items for energy-saving knowledge were derived from previous research and changed [43,44]. The items for place attachment were derived from previous research [82,103]. The attitude elements were selected and amended [63]. Social norm items were selected and modified [104,105]. Self-efficacy items were selected and modified [49,52]. Outcome expectation items were selected and changed [75,76]. Energy-saving behavior was adopted and modified [106,107].




3.3. Data Analysis


Partial least squares structural equation modeling (PLS-SEM) was used to analyze the model. The use of PLS-SEM methodology has become increasingly popular in academic research over the past decade [108]. In particular, this method has gained traction in strategic management [109], management information systems [110], and marketing [111]. PLS-SEM is characterized by less stringent constraints and assumptions regarding sample size and data normality compared to CB-SEM while still ensuring robust estimation [108,112]. For the reasons above, PLS-SEM is a more relevant and robust approach for this particular study, given the study’s sample size characteristics [111]. The rationale for selecting PLS-SEM as the preferred methodological approach is outlined below. The key goals of this research were to ascertain the variability in energy conservation behavior and identify significant predictors [113]. Furthermore, PLS-SEM has been argued to be a more appropriate approach to exploring theoretical extensions to established theories [114]. Furthermore, variance-based techniques are readily applicable to higher-order models [113].



PLS-SEM involves a measurement model evaluation and a structural model analysis. The measurement model assesses the extent to which each indication contributes to representing its corresponding latent variable and the overall effectiveness of the entire set of indicators in capturing it. The structural model evaluation examines the path connection between the latent variables and assesses the ability of the model to make accurate predictions [113]. The researchers used a path-weighting method to measure the parameters of both the lower- and higher-order descriptive models. To represent the higher-order structure, the repeated-measures technique was employed, as described by Wan et al. [102]. The method assesses higher-order constructs by examining the visual cues of their constituent lower-order constructs. According to Ringle et al. [110], the lack of a significant difference in the number of indicators for the lower-order constructs ensures that the weights assigned to these constructs to the higher-order construct are not biased. Data analysis in this study was conducted using SmartPLS version 4.0.





4. Results


4.1. Analysis of Measurement Models


This study examined the convergent and discriminant validity and internal consistency of these measures. Specifically, the researchers assessed composite reliability (CR) and Cronbach’s alpha ( α ) for internal consistency reliability, average variance extracted (AVE) for convergent validity, and indicator reliability for discriminant validity. The measure of internal consistency dependability pertains to the degree to which the indicators proposed to evaluate a particular construct yield consistent results [115]. A  α  value exceeding 0.70 and a CR value surpassing 0.60 are generally regarded as satisfactory. This study provides evidence for the reliability of the findings. Convergent validity refers to the extent to which a particular component demonstrates associations with other factors within the same conceptual framework [116]. All measurements of the concepts exhibited outer loading over 0.70 and average variance extracted values surpassing 0.50, indicating convergent validity. Table 2 presents a comprehensive overview of the results based on the reliability and validity measures.



The loadings observed in the lower-order components exceeded a threshold of 0.70. The results confirm the reliability of the indicators. The determination of the validity and reliability of the higher-order construct requires a manual assessment involving the examination of numerous factor loadings and their relationships with the lower-order components. The specific procedures for performing the calculations are described in a separate publication [117]. The CR,  α , and AVE values obtained from the assessment of place attachment were all found to exceed the required threshold. Table 2 presents an assessment of the validity and reliability of this study.



This study assesses the discriminant validity of the concepts to verify that each concept is distinct and describes occurrences not accounted for by additional paradigms [118]. The HTMT was employed in this investigation as well. According to Henseler et al. [119], when the HTMT value is below 90%, the liberal HTMT criterion indicates discriminant validity. However, for the highest level of validity, the HTMT value should be below 85%. All heterotrait/monotrait ratios were lower than the critical margin of a modest 0.85 threshold. Table 3 presents the HTMT results. These results provide evidence for the model’s reliability and validity. The gathered data were utilized to validate the extent of collinearity among the items in the exploratory survey. When the VIF exceeds 3.3, it indicates a significant level of collinearity and suggests that the scenario may be impacted by Common Method Bias (CMB). Hence, if all variance inflation factors obtained from a comprehensive collinearity assessment within the internal model are less than or equal to 3.3, it can be concluded that the framework is devoid of the CMB [120]. The analysis reveals that the model remains unaffected by the CMB, as all concealed structures accompanied by VIFs exhibit values below the threshold of 3.3 [121]. Table 2 displays the variance inflation factors.




4.2. Structure of the Model


The analysis of the structural model was designed to assess the significance of the hypothesized pathways and the predictive ability of the model. The importance of the depicted pathways was assessed using a bootstrapping approach, with a sample size of 2000. A p-value below the 0.05 threshold indicates statistical significance. The predictive ability of the model was determined using the coefficient of determination (R2) for the endogenous variables. According to [113], the PLS structural model’s R2 value of 0.890 indicates a statistically significant impact. In Table 4, the SRMR and NFI were used as metrics to assess the adequacy of the model fit. The SRMR value of 0.035 was below the predetermined threshold of 0.08, indicating a good fit [122]. The Normed Fit Index is 0.903, indicating a robust fit, as values above 0.80 are often favored in the relevant domains [123]. Hair et al. [124] employed a cross-validated redundancy metric, Q2, to evaluate the predictive capacity of the structural model. The Q2 value must be larger than zero. The blindfolding technique was employed in this study with an omission distance of 7. The Q2 value for the conceptual framework of residents’ energy-saving behavior was 0.628. These results provide evidence of the predictive accuracy of the models. Table 4 summarizes the findings of this study’s model.



This study applied the social cognitive theory model to analyze the influence of these critical components on residents’ energy-saving behavior. The findings confirmed all hypotheses in Table 5 and Figure 2. Energy-saving knowledge significantly affects self-efficacy, social norms, and energy-saving attitudes. Self-efficacy, social norms, and energy-saving attitudes positively and significantly influenced residents’ energy-saving behaviors. Residents’ energy-saving outcome expectations significantly influenced their ESB, attitudes, and social norms. The results confirm hypotheses H6, H7, and H8. Residents’ place attachment significantly affects their ESB, attitudes, and social norms. The data support hypotheses H9, H10, and H11.



A mediation study was performed to explore the association between energy-saving knowledge and residents’ energy-saving behavior through self-efficacy, social norms, and energy-saving attitudes. Energy-saving knowledge substantially indirectly influences residents’ energy-saving behavior through self-efficacy, social norms, and energy-saving attitudes. Place attachment has a significant indirect impact on residents’ energy-saving behavior through social norms and attitudes. In addition, residents’ energy-saving outcome expectations substantially impacted their energy-saving behavior through social norms and attitudes. This finding justifies the strong mediating effects of self-efficacy, social norms, and energy-saving attitudes.





5. Discussion


The present research assessed the impact of social cognitive theory on residents’ energy-saving behavior (ESB) in Jiangsu province. This study displays that residents’ energy-saving outcome expectations influence residents’ energy-saving behavior. In addition, residents’ energy-saving outcome expectations substantially influenced their ESB through social norms and energy-saving attitudes. This implies that residents believe reducing energy usage will lower monthly bills and are eager to implement ESB in their daily lives. This result aligns with previous studies by Luc [79] and Blaese et al. [125].



Place attachment significantly and positively influences residents’ energy-saving behavior. Also, place attachment has a substantial indirect impact on residents’ ESB via social norms and attitudes. This finding aligns with Wan et al. [82] and Soopramanien et al. [83] in the context of residents’ environmental behavior. This finding contradicts studies on pro-environmental behavior and place attachment [87]. This finding indicates that residents have a strong emotional connection to their homes and communities. They also believe that reducing energy consumption in their homes and communities will help create a more sustainable future. They feel a sense of responsibility for reducing their energy usage and contributing to the well-being of their community.



Energy-saving attitudes positively influence residents’ ESB. This study found that social norms mediate the relationships between ESA and residents’ ESB, between place attachment and residents’ energy-saving behavior, and between outcome expectations and residents’ energy-saving behavior. This implies that residents believe reducing energy consumption is essential for protecting the environment and valuing energy efficiency in their homes and lifestyles. They also believe that reducing energy usage is integral to creating a sustainable future for future generations. These results are in accordance with the results reported by Wang et al. [126] and Wan et al. [127].



Social norms significantly and positively influence residents’ energy-saving behaviors. This signifies that residents believe their friends and family will support their efforts to reduce energy consumption. They also feel that their neighbors and peers are making efforts to reduce their energy consumption and believe that reducing energy usage is a behavior that is becoming more common and accepted in society. This finding is in agreement with the findings of He and Qian [128] and Zheng et al. [129]. This study found that social norms mediate the relationships between energy-saving knowledge and residents’ energy-saving behavior, between place attachment and residents’ energy-saving behavior, and between outcome expectation and residents’ energy-saving behavior.



Self-efficacy significantly and positively influences residents’ energy-saving behavior. When individuals believe in their ability to make a difference in conserving energy and promoting sustainability, they are more likely to engage in practical actions to achieve their goals. This result concurs with those of Vainio et al. [130] and Rainisio et al. [131]. This study found that self-efficacy mediated the relationship between knowledge and residents’ ESB.



Energy-saving knowledge significantly and positively influences social norms, self-efficacy, and attitudes. Energy-saving knowledge positively influences social norms; when individuals are well-informed about the importance of energy conservation, they are more likely to align their behaviors with social norms that promote sustainability. This alignment can result in collective efforts to save energy and reduce wasteful practices. Also, knowledge of energy-saving practices can boost self-efficacy. When individuals acquire information on how to save energy effectively, they become more confident in their ability to implement these practices. This increased self-efficacy can motivate them to take energy-saving action. Lastly, energy-saving knowledge can shape positive attitudes toward energy conservation. When individuals are educated about the environmental and economic benefits of energy savings, they tend to develop favorable attitudes toward energy-efficient practices. This finding agrees with Bahij et al. [132] and Nketiah et al. [43].




6. Policy Implications


6.1. Theoretical Implications


The theoretical implications of social cognitive theory regarding knowledge, attitude, self-efficacy, social norms, and outcome expectations can significantly impact energy-saving behavior in Jiangsu.



Social cognitive theory posits that knowledge significantly influences behavior. Enhancing awareness and comprehension of energy-saving techniques, including turning off lights and utilizing energy-efficient appliances, can result in more knowledgeable decisions and the adoption of such behaviors. Attitudes toward energy-saving behavior are influenced by social cognitive processes and can impact individual actions. To encourage energy conservation, it is essential to promote positive attitudes toward energy-saving practices and emphasize their benefits. Self-efficacy is the belief in one’s ability to perform a behavior successfully. Higher self-efficacy leads to more energy-saving behavior. Improving self-efficacy through education, skill-building, and confidence-enhancement programs motivates individuals to adopt energy-saving behaviors. Social norms greatly influence behavior, with individuals more likely to engage in widely accepted and practiced actions. Promoting positive social norms for energy-saving behavior through peer support, social influence, and normative messaging can encourage individuals to adopt energy-saving practices. Outcome expectations, or belief in positive outcomes from a behavior, can be increased by highlighting the benefits of energy-saving actions, such as cost savings, environmental sustainability, and improved well-being, which can lead to greater engagement in energy-saving practices.



The theoretical underpinnings of social cognitive theory have implications that can inform the development of interventions and campaigns to promote energy-saving behavior in Jiangsu. These initiatives should target knowledge, attitudes, self-efficacy, social norms, and outcome expectations to maximize their effectiveness. By addressing these factors and designing strategies that align with the social cognitive processes, it is possible to motivate, empower, and support individuals in adopting energy-saving behaviors.




6.2. Practical Implications


Practical implications for knowledge, attitude, self-efficacy, social norms, place attachment, and the outcome expectations of energy-saving behavior can guide interventions and strategies to promote sustainable practices. Some practical implications for each of these factors are described below.



This study displays that residents’ energy-saving outcome expectations influence residents’ energy-saving behavior. The study recommends that policymakers provide clear and tangible information about the benefits and outcomes of energy-saving behaviors. Policymakers can develop educational campaigns and resources highlighting the positive impacts of energy conservation, such as cost savings, reduced environmental impacts, and enhanced comfort. By effectively communicating these outcomes, policymakers can help shape individuals’ expectations and motivate them to engage in ESB. Policymakers should also consider the role of social norms and influence in shaping individuals’ energy-saving attitudes. They can design communication strategies and interventions that highlight the energy-saving behaviors of others and emphasize that these behaviors are widely practiced and valued in society. By leveraging social norms and social influence, policymakers can further reinforce individuals’ positive energy-saving attitudes and motivate behavioral change.



Place attachment significantly and positively influences residents’ energy-saving behavior. The study recommended that policymakers foster a sense of place attachment and ownership of local energy-saving projects. Creating community-driven initiatives such as neighborhood energy-saving campaigns or community-based renewable energy projects can help promote a sense of ownership, pride, and investment in local energy-saving efforts. Policymakers should also provide resources and incentives for community-based projects and promote public education and awareness campaigns. Policymakers should also foster place attachment by providing precise and transparent planning procedures that include public participation and the involvement of broad-based community organizations in decision making at the local level. These procedures will create a sense of community ownership participation and opportunities to co-create policy implementation.



Energy-saving attitudes positively influenced residents’ ESB. Policymakers should aim to create an environment that promotes energy conservation and encourages individuals to adopt energy-saving behaviors by utilizing a range of strategies that target attitudes toward ESB.



Social norms significantly and positively influenced residents’ energy-saving behaviors. The study recommended policymakers focus on creating supportive environments and infrastructure that make energy-saving behaviors more accessible and convenient. They should include investments in energy-efficient technologies, infrastructure for renewable energy production, and the development of energy-saving codes and standards for buildings and appliances. By improving the overall energy efficiency of the built environment, policymakers should help reinforce energy-saving social norms and make sustainable behavior the default choice.



Self-efficacy significantly and positively influences residents’ energy-saving behavior. Policymakers should support community-based initiatives that promote ESB and build self-efficacy among individuals. These initiatives should include neighborhood-level energy-saving campaigns, community-led demonstrations or workshops, and peer-support networks that allow individuals to learn from and help each other. By supporting these initiatives, policymakers should foster a greater sense of ownership, responsibility, and self-efficacy regarding energy-saving behaviors within communities. Also, policymakers should focus on creating supportive environments that make energy-saving behaviors more accessible and convenient. They should include investments in energy-efficient transportation systems, infrastructure for renewable energy production, and the development of building codes and standards that prioritize energy efficiency. Policymakers should promote self-efficacy and reinforce the adoption of energy-saving behaviors by making sustainable behaviors easier to adopt.



Energy-saving knowledge significantly and positively influenced social norms, self-efficacy, and attitudes. Policymakers should promote awareness, provide incentives, and shape social expectations, as well as encourage individuals and communities to embrace energy-saving practices, leading to a more sustainable and environmentally responsible society.





7. Conclusions and Limitations


7.1. Conclusions


This study investigated residents’ energy-saving behavior in Jiangsu Province using the social cognitive theory with place attachment. This study utilized a sample of 501 individuals residing in Jiangsu Province and employed partial least squares structural equation modeling as the analytical approach. The findings show that self-efficacy, energy-saving attitudes, and social norms positively influence residents’ ESB. This study also showed that self-efficacy, energy-saving attitudes, and social norms positively mediate the association between energy-saving knowledge and residents’ ESB. Knowledge positively influenced self-efficacy, energy-saving attitudes, and social norms. Outcome expectations positively impacted energy-saving attitudes and social norms. Moreover, place attachment influences residents’ energy-saving behavior. This study also found that place attachment significantly and positively influenced residents’ energy-saving behavior through energy-saving attitudes and social norms. These results offer valuable insights and contribute to environment-friendly research. They have the potential to be applied in various fields in China that prioritize energy conservation.




7.2. Limitations and Future Research


This study employed SCT as a theoretical framework to investigate the factors that motivate energy conservation in a developing market context. While the present study made use of a considerable number of constructs from social cognitive theory, it is recommended that expected research endeavors encompass additional constructs. These may include environmental concerns, community identity, sociodemographic variables (e.g., education level, household size, income level, and employment status), and economic incentives. By incorporating these additional elements, a more comprehensive and all-encompassing approach can be achieved. Future research endeavors should focus on exploring the progression and integration of new business models and technologies aimed at fostering energy conservation. This study employed “G*Power” software (Version 3.1) to estimate the sample size for a PLS-SEM analysis [133]. Future studies can consider “pwrSEM” to estimate the sample size for SEM [134]. The present investigation utilized social cognitive theory as a framework for analysis. It is recommended that future studies use several theories, such as the theory of planned behavior (TPB) and the norm activation model (NAM), in order to offer a more comprehensive perspective.
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Figure 1. The conceptual framework of the study. 
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Figure 2. Graphical format of path analysis results. Note: ESSS = self-efficacy, ESSN = social norms, ESPA = place attachment, ESOE = outcome expectations, ESK = energy-saving knowledge, ESA = energy-saving attitude, and ESB=energy saving behavior. 
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Table 1. Sample Composition.
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Variable

	
‘Subcategory’

	
Frequency/Percentage






	
Sex

	
Male

	
242 (48.3%)




	
Female

	
259 (51.7%)




	
Age

	
Under 25

	
112 (22.4%)




	
26–35

	
163 (32.5%)




	
36–45

	
117 (23.4)




	
46–55

	
61 (12.2%)




	
Above 55

	
48 (9.6%)




	
Marital status

	
Single

	
201 (40.1)




	
Married

	
242 (48.3%)




	
Divorced

	
58 (11.6%)




	
Employment status

	
Student

	
131 (26.1%)




	
Self-employed

	
60 (12.0%)




	
Government worker

	
97 (19.4%)




	
Private company worker

	
174 (34.7%)




	
Unemployed

	
39 (7.8%)




	
Level of education

	
High school and below

	
3 (0.6%)




	
Junior high school

	
47 (9.4%)




	
Vocational/Technical Education

	
52 (19.4%)




	
Bachelor’s

	
224 (44.7%)




	
Master’s

	
123 (24.%)




	
Ph.D.

	
52 (10.4%)




	
Income level

	
Below CNY 2500

	
116 (23.2%)




	
CNY 2501–5000

	
68 (13.6%)




	
CNY 5001–7500

	
87 (17.4%)




	
CNY 7501–10,000

	
114 (22.8%)




	
Above CNY 10,000

	
81 (16.2%)




	
Do not know/not applicable

	
35 (7.0%)




	
Type of community

	
Urban area

	
386 (77.0%)




	
Rural area

	
115 (23.0%)




	
Household size

	
Two or less

	
82 (16.4%)




	
Three

	
203 (40.5%)




	
4–5 members

	
162 (32.3%)




	
More than five

	
54 (10.8%)




	
Average monthly electricity bill

	
Below CNY 100

	
79 (15.8%)




	
CNY 101–200

	
135 (26.9%)




	
CNY 201–300

	
103 (20.6%)




	
CNY 301–400

	
107 (21.4%)




	
Above CNY 400

	
51 (10.2%)




	
Do not know/not applicable

	
26 (5.2%)




	
The sum total of each variable

	
501 (100%)








Note: All percentages are calculated concerning the total sample size.













 





Table 2. Construct reliability and validity.






Table 2. Construct reliability and validity.





	
Variable

	
Measurement Item

	
OL

	
Cronbach’s Alpha

	
CR

	
AVE

	
VIF






	
Energy-saving attitude

	
ESA1

	
0.869

	
0.917

	
0.937

	
0.750

	
2.712




	
ESA2

	
0.872

	
2.719




	
ESA3

	
0.867

	
2.614




	
ESA4

	
0.865

	
2.621




	
ESA5

	
0.857

	
2.507




	
Energy-saving behavior

	
ESB1

	
0.838

	
0.906

	
0.930

	
0.727

	
2.246




	
ESB2

	
0.858

	
2.469




	
ESB3

	
0.857

	
2.476




	
ESB4

	
0.834

	
2.251




	
ESB5

	
0.875

	
2.698




	
Energy-saving Knowledge

	
ESK1

	
0.830

	
0.913

	
0.935

	
0.743

	
2.284




	
ESK2

	
0.871

	
2.713




	
ESK3

	
0.844

	
2.290




	
ESK4

	
0.872

	
2.734




	
ESK5

	
0.891

	
2.147




	
Outcome expectations

	
ESOE1

	
0.890

	
0.923

	
0.942

	
0.765

	
2.260




	
ESOE2

	
0.882

	
2.954




	
ESOE3

	
0.884

	
2.939




	
ESOE4

	
0.823

	
2.160




	
ESOE5

	
0.891

	
2.351




	
Place attachment

	
ESPA1

	
0.826

	
0.900

	
0.926

	
0.715

	
2.180




	
ESPA2

	
0.806

	
2.034




	
ESPA3

	
0.855

	
2.536




	
ESPA4

	
0.870

	
2.740




	
ESPA5

	
0.870

	
2.798




	
Social norms

	
ESSN1

	
0.885

	
0.907

	
0.931

	
0.729

	
2.903




	
ESSN2

	
0.860

	
2.533




	
ESSN3

	
0.825

	
2.233




	
ESSN4

	
0.854

	
2.429




	
ESSN5

	
0.843

	
2.385




	
Self-efficacy

	
ESSS1

	
0.870

	
0.918

	
0.939

	
0.754

	
2.808




	
ESSS2

	
0.865

	
2.585




	
ESSS3

	
0.863

	
2.622




	
ESSS4

	
0.875

	
2.782




	
ESSS5

	
0.868

	
2.746








Note: ESSS = self-efficacy, ESSN = social norms, ESPA = place attachment, ESOE = outcome expectations, ESK = energy-saving knowledge, ESA = energy-saving attitude, OL = outer loading, CR = composite reliability, AVE = average variance extracted, ESB=energy saving behavior, and VIF = variance inflation factor.













 





Table 3. The analysis of discriminant validity.
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HTMT




	
No

	
Construct

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
1

	
ESA

	

	

	

	

	

	

	




	
2

	
ESB

	
0.341

	

	

	

	

	

	




	
3

	
ESK

	
0.252

	
0.464

	

	

	

	

	




	
4

	
ESOE

	
0.342

	
0.366

	
0.288

	

	

	

	




	
5

	
ESPA

	
0.433

	
0.544

	
0.474

	
0.460

	

	

	




	
6

	
ESSN

	
0.327

	
0.302

	
0.371

	
0.376

	
0.618

	

	




	
7

	
ESSS

	
0.374

	
0.596

	
0.339

	
0.338

	
0.496

	
0.382

	




	
Fornell–Larcker criterion




	
No

	
Construct

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
1

	
ESA

	
0.862

	

	

	

	

	

	




	
2

	
ESB

	
0.294

	
0.826

	

	

	

	

	




	
3

	
ESK

	
0.223

	
0.399

	
0.853

	

	

	

	




	
4

	
ESOE

	
0.304

	
0.318

	
0.258

	
0.863

	

	

	




	
5

	
ESPA

	
0.383

	
0.472

	
0.422

	
0.412

	
0.827

	

	




	
6

	
ESSN

	
0.280

	
0.252

	
0.317

	
0.322

	
0.529

	
0.799

	




	
7

	
ESSS

	
0.328

	
0.519

	
0.304

	
0.301

	
0.443

	
0.325

	
0.860








Note: ESSS = self-efficacy, ESSN = social norms, ESPA = place attachment, ESOE = outcome expectations, ESK = energy-saving knowledge, ESB=energy saving behavior, and ESA = energy-saving attitude.













 





Table 4. Study model fit.
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	Items
	Current Research Model
	Benchmark Value





	SRMR
	0.035
	<0.08



	NFI
	0.903
	>0.80



	Q2
	0.628
	



	R2
	0.890
	










 





Table 5. Summary of hypothesis results.






Table 5. Summary of hypothesis results.





	
H

	
Path Coefficients

	

	
Confidence Intervals

	

	
p-Values

	
Decision




	
Estimate

	
2.5%

	
97.5%






	
Hypothesis Testing




	
H1

	
ESK → ESSN

	
0.273 ***

	
0.200

	
0.346

	
0.000

	
Significant




	
H2

	
ESK → ESA

	
0.477 ***

	
0.384

	
0.553

	
0.000

	
Significant




	
H3

	
ESK → ESSS

	
0.869 ***

	
0.838

	
0.892

	
0.000

	
Significant




	
H4

	
ESSS → ESB

	
0.205 ***

	
0.117

	
0.282

	
0.000

	
Significant




	
H5

	
ESA → ESB

	
0.365 ***

	
0.282

	
0.449

	
0.000

	
Significant




	
H6

	
ESSN → ESB

	
0.181 ***

	
0.103

	
0.273

	
0.000

	
Significant




	
H7

	
ESOE → ESB

	
0.141 ***

	
0.057

	
0.227

	
0.002

	
Significant




	
H8

	
ESOE → ESSN

	
0.377 ***

	
0.291

	
0.457

	
0.000

	
Significant




	
H9

	
ESOE → ESA

	
0.336 ***

	
0.241

	
0.432

	
0.000

	
Significant




	
H10

	
ESPA → ESB

	
0.092 ***

	
0.001

	
0.175

	
0.042

	
Significant




	
H11

	
ESPA → ESSN

	
0.334 ***

	
0.254

	
0.416

	
0.000

	
Significant




	
H12

	
ESPA → ESA

	
0.172 ***

	
0.098

	
0.246

	
0.000

	
Significant




	
Specific Indirect Effects




	
H13

	
ESK → ESSS → ESB

	
0.178 ***

	
0.101

	
0.246

	
0.000

	
Partial mediation




	
H14

	
ESK → ESA → ESB

	
0.174 ***

	
0.122

	
0.226

	
0.000

	
Partial mediation




	
H15

	
ESK → ESSN → ESB

	
0.049 **

	
0.023

	
0.083

	
0.002

	
Partial mediation




	
H16

	
ESPA → ESA → ESB

	
0.063 ***

	
0.033

	
0.092

	
0.000

	
Partial mediation




	
H17

	
ESPA → ESSN → ESB

	
0.061 ***

	
0.033

	
0.096

	
0.000

	
Partial mediation




	
H18

	
ESOE → ESA → ESB

	
0.123 ***

	
0.085

	
0.171

	
0.000

	
Partial mediation




	
H19

	
ESOE → ESSN → ESB

	
0.068 ***

	
0.036

	
0.103

	
0.000

	
Partial mediation








Note: (1) H= hypothesis (2) ** p < 0.05, *** p < 0.001. 2. ESSS = self-efficacy, ESSN = social norms, ESPA = place attachment, ESOE = outcome expectations, ESK = energy-saving knowledge, ESB=energy saving behavior, and ESA = energy-saving attitude.
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